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(57)Abstract: 

PROBLEM TO BE SOLVED: To stabilize characteristics of 
the photonic crystal waveguide and to reduce the 
manufacturing cost. 

SOLUTION: The photonic crystal waveguide is provided 
with a photonic crystal 14 structure which has a slab optical 
waveguide 3 on the top surface of a substrate 2 and also 
has refractive index variation areas 13 with a different 
refractive index from that of the core layer of the slab optical 
waveguide 3 arranged in a lattice array shape at part of the 
slab optical waveguide 3. In this case, the refractive index 
variation areas 13 are formed of the same material as the 
material constituting the core layer of the slab optical 
waveguide 3. The refractive index variation areas 13 are 
arranged in the lattice array shape on both the sides of an 
optical waveguide area 6 where light is propagated. The refractive index of the core layers of the 
refractive index variation areas 13 is larger than that of the core layer of an area off the refractive 
index variation areas 13 and the relative index difference is about 10-4 to 10-2. A unit lattice is in 
regular triangle array. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the photograph nick crystal waveguide which is the construction material as the construction 
material which constitutes the core layer of said slab optical waveguide with said refractive-index change 
field same [ while having dielectric slab optical waveguide on the surface of a substrate, are the photograph 
nick crystal waveguide by which the photograph nick crystal structure by which the refractive-index change 
field which has the refractive index of the core layer of slab optical waveguide and a different refractive 
index has been arranged in the shape of a lattice was prepared in a part of said slab optical waveguide and ], 
and is characterized by to consist of construction material to which the refractive-index change processing 
by the optical inductive effect was performed. 

[Claim 2] It is the photograph nick crystal waveguide characterized by being formed of refractive-index 
change processing according [ the core layer of said refractive-index change field ] to the optical inductive 
effect while the refractive-index change field which is the slab optical waveguide in which any layer is 
formed with an organic thin film on both sides of a core layer by the lower cladding layer and the up 
cladding layer, and has the refractive index of the core layer of slab optical waveguide and a different 
refractive index in said a part of slab optical waveguide is arranged in the shape of a lattice. 
[Claim 3] Photograph nick crystal waveguide according to claim 1 or 2 characterized by arranging the 
refractive-index change field in the shape of a lattice at the both sides of the photoconductive wave field 
which light spreads, respectively. 

[Claim 4] Photograph nick crystal waveguide according to claim 1 or 2 characterized by arranging said 
refractive-index change field in the shape of a lattice along with the end side of said slab optical waveguide. 
[Claim 5] Vertical or photograph nick crystal waveguide according to claim 4 characterized by setting up 
aslant the photoconductive wave field which light spreads of the shape of a lattice prepared in the end side 
of said slab optical waveguide parallel to a refractive-index change field or. 

[Claim 6] The grid train by said refractive-index change field is photograph nick crystal waveguide given in 
any 1 term of claim 1 characterized by being two or more grid trains from which a grid pitch differs thru/or 
claim 5. 

[Claim 7] The unit lattice of said grid train is photograph nick crystal waveguide given in any 1 term of 
claim 1 characterized by being a regular-polygon array thru/or claim 6. 

[Claim 8] It is photograph nick crystal waveguide given in any 1 term of claim 1 characterized by the 
refractive index of the core layer of said refractive-index change field being larger than the refractive index 
of the core layer of a field which separated from the refractive-index change field, and the relative index 
difference being about 10-4 to 10-2 thru/or claim 7. 

[Claim 9] Said slab optical waveguide is photograph nick crystal waveguide given in any 1 term of claim 1 
characterized by consisting of glass optical waveguide or organic optical waveguide or claim 3 thru/or claim 
8. 

[Claim 1 0] The manufacture approach of the photograph nick crystal waveguide characterized by to 
irradiate selectively an electron ray, SOR light, ultraviolet rays, or the near infrared rays through said up 
cladding layer at said core layer, to produce the refractive-index change by the optical inductive effect, and 
to produce said refractive-index change field after producing the slab optical waveguide which is the 
manufacture approach of the photograph nick crystal waveguide of said claim 1 thru/or claim 9, and consists 
of a lower cladding layer, a core layer, and an up cladding layer on said substrate. 
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[Claim 11] The manufacture approach of the photograph nick crystal waveguide characterized by making 
the organic optical waveguide which consists of a lower cladding layer, a core layer, and an up cladding 
layer exfoliate from said substrate in the manufacture approach of said claim 1 0, and manufacturing said 
photograph nick crystal waveguide according to claim 2. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is set in the field of an optical transmission system, an optical 
switching system, or an optical instrumentation system, is applied to the optical filter which penetrates or 
(wavelength transparency of propagation light) prevents light wave length (wavelength limit of propagation 
light), an optical multiplexing splitter, an optical distribution compensation device, etc., concerning 
photograph nick crystal waveguide and its manufacture approach, and relates to an effective technique. 
[0002] 

[Description of the Prior Art] Photograph nick crystal waveguide is known as one of the optical filters used 
for an optical transmission system etc. 

[0003] Photograph nick crystal waveguide is indicated by work"Photonic Crystals"Princeton University 
Press besides J.D.Joannopoulos, and 1995.pp94-ppl04. 

[0004] Drawing 10 and drawing 1 1 are drawings showing the conventional photograph nick crystal 
waveguide. The photograph nick crystal waveguide 1 has the structure where two or more air holes 9 were 
established in the shape of a lattice at the both sides of the photoconductive wave field 6 which the light of 
said slab optical waveguide 3 spreads while consisting of a substrate 2 and slab optical waveguide 3 
prepared in the front face of this substrate 2. The refractive indexes of the part corresponding to the core 
layer of said slab optical waveguide 3 of this air hole 9 will differ on account of air, and will constitute the 
refractive-index change field 13. 

[0005] The slab optical waveguide 3 consists of the lower cladding layer 10, a core layer 1 1 , and an up 
cladding layer 12, and said air hole 9 extends even in the lower layer lower cladding layer [ cladding layer / 
12 / upper / up ] 10, and it forms cylinder space. Air enters in this air hole 9, and refractive indexes differ in 
the core layer 1 1 of the slab optical waveguide 3. 

[0006] Moreover, the lattice of the air hole 9 fulfills the Bragg (Bragg) conditions, and constitutes the 
photograph nick crystal which is made to reflect only the light of predetermined wavelength and is made to 
spread. 

[0007] When the input optical fiber 4 is connected to the end side of the photoconductive wave field 6 of the 
photograph nick crystal waveguide 1 and the output optical fiber 5 is connected to an other end side, only 
the light of wavelength which fulfills said Bragg condition turns into the output light 8, and the input light 7 
into which it was put from the input optical fiber 4 to the photoconductive wave field 6 is taken out from the 
output optical fiber 5. 

[0008] As shown in drawing 12 , after said air hole 9 forms the slab optical waveguide 3 on a substrate 2, it 
is formed of electron beam (EB:Electron Beam) lithography and reactive ion etching (RIE). The diameter of 
the air hole 9 is [ 0.6-0.8 micrometers and the pitch of 0.1-0.24 micrometers and the depth ] 0.18-0.36 
micrometers. In addition, the upper bed of the air hole 9 is released. 
[0009] 

[Problem(s) to be Solved by the Invention] In manufacture of the conventional photograph nick crystal 
waveguide, when producing the slab optical waveguide 3 on the front face of a substrate 2, it is producing 
by the following approaches. 

[0010] (1) vapor growth (MO-CVD) — law or liquid phase epitaxy (LPE) — carry out sequential production 
http : //www4 . ipdl . ncipi . go . j p/cgi-bin/txan_web_cgi_ej j e 3/7/2007 



JP,1 1-218627,A [DETAILED DESCRIPTION] 



Page 2 of 1 1 



of the thin film which serves as the lower cladding layer 10 which constitutes the slab optical waveguide 3, 
a core layer 1 1 , and the up cladding layer 1 2 by law etc. 

[001 1] (2) In case the slab optical waveguide 3 is produced with quartz glass etc., with an electric furnace, 

sinter and carry out the rarefaction of the glass produced on the substrate 2, and produce it. 

[0012] these approaches — setting — the temperature of a substrate 2 — said MO-CVD method and LPE — 

by law, it becomes about 500-700 degrees C, and by sintering by said electric furnace, it becomes about 

1300 degrees C and becomes an elevated temperature. 

[0013] Control is difficult for such an elevated-temperature process. 

[0014] It is difficult to process it well in the shape of a cylinder with submicron one, on the other hand, 
since the diameter of the air hole 9 is small although reactive ion etching (RIE) performs production of the 
air hole 9. For example, it is difficult to produce the air hole 9 with sufficient repeatability so that air hole 9 
diameter may be different at the upper part and the pars basilaris ossis occipitalis and a predetermined Bragg 
condition may be fulfilled. 

[0015] Furthermore, there are many thin film production processings, hole processings, and processing 
processes, and reduction of the production cost of photograph nick crystal waveguide is barred. 
[0016] As mentioned above, according to the conventional manufacture approach, process control was 
difficult and it was not easy to, realize photograph nick crystal waveguide with sufficient repeatability to 
stability as a result. 

[0017] The object of this invention has wavelength transparency and the wavelength limit property of 
propagation light in offering good photograph nick crystal waveguide and its manufacture approach. 
[001 8] Other objects of this invention have wavelength transparency and the wavelength limit property of 
propagation light in offering the approach of manufacturing good photograph nick crystal waveguide often 
[ repeatability ] and cheaply. 

[0019] As new along [ said ] this invention a description as the other objects is clarified by description and 

the accompanying drawing of this description. 

[0020] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

[0021] (1) the construction material as the construction material which constitutes the core layer of said slab 
optical waveguide with said refractive-index change field same [ while having slab optical waveguide on the 
surface of a substrate, are the photograph nick crystal waveguide by which the photograph nick crystal 
structure by which the refractive-index change field which has the refractive index of the core layer of slab 
optical waveguide and a different refractive index has been arranged in the shape of a lattice (array) was 
prepared in a part of said slab optical waveguide, and ] — and it consists of construction material to which 
the refractive-index change processing by the optical inductive effect was performed. The refractive-index 
change field is arranged in the shape of a lattice at the both sides of the photoconductive wave field which 
light spreads, respectively. The unit lattice of said grid train has become a regular-polygon array, for 
example, a triangular pitch. The refractive index of the core layer of said refractive-index change field is 
larger than the refractive index of the core layer of a field which separated from the refractive-index change 
field, and the relative index difference is about 10-4 to 10-2. Said slab optical waveguide consists of glass 
optical waveguide or organic optical waveguide. 

[0022] Such photograph nick crystal waveguide is manufactured by the following approaches. 
[0023] After producing the slab optical waveguide which consists of a lower cladding layer, a core layer, 
and an up cladding layer on a substrate, an electron ray, SOR (synchrotron orbital radiation) light, 
ultraviolet rays, or the near infrared rays are selectively irradiated through said up cladding layer at said core 
layer, the refractive-index change by the optical inductive effect is produced, and said refractive-index 
change field is produced. 

[0024] (2) It is the photograph nick crystal waveguide of the configuration of said means (1), and this 
photograph nick crystal waveguide is a slab optical waveguide configuration in which any layer is formed 
with an organic thin film on both sides of a core layer by the lower cladding layer and the up cladding layer. 

[0025] In the manufacture approach of said means (1), such photograph nick crystal waveguide, is 
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manufactured by making organic optical waveguide exfoliate from said substrate, after forming the slab 
optical waveguide which consists of organic optical waveguide on the surface of a substrate and considering 
as photograph nick crystal waveguide. 

[0026] (3) In the configuration of said means (1) or a means (2), said refractive- index change field is 
arranged in the shape of a lattice along with the end side of said slab optical waveguide. Vertical or the 
photoconductive wave field which light spreads aslant parallel to the refractive-index change field of the 
shape of a lattice prepared in the end side of said slab optical waveguide or is set up. 

[0027] (4) In the configuration of said means (1) thru/or a means (3), the grid trains by said refractive-index 
change field are two or more grid trains from which a grid pitch differs. 

[0028] According to the means of the above (1), the refractive-index change field of (a) photograph nick 
crystal waveguide consists of construction material to which it is the same construction material as the 
construction material which constitutes the core layer of slab optical waveguide, and refractive-index 
change processing by the optical inductive effect was performed. For this reason, since it is fixed and 
magnitude does not change by the upper and lower sides like [ in the case of the conventional air hole ], the 
magnitude of each part of the depth direction of a refractive-index change field often comes to fulfill a 
Bragg condition, and a wavelength limit or wavelength transparency of propagation light can carry it out to 
high degree of accuracy. It can follow, for example, can be used as a highly efficient multiplexing / spectral 
separation component. 

[0029] (b) In order to fulfill the Bragg condition which a refractive-index change field serves as an 
equilateral-triangle lattice, and becomes enough, guarantee a wavelength limit or wavelength transparency 
of a highly precise propagation light. 

[0030] (c) a high-degree-of-accuracy dimension since the refractive-index change field arranged in the 
shape of an array irradiates selectively an electron ray, SOR light, ultraviolet rays, or the hear infrared rays 
through the up cladding layer of slab optical waveguide in manufacture of photograph nick crystal 
waveguide at a core layer, the refractive-index change by the optical inductive effect is produced and it 
produces — and the refractive-index change field where the dimension of each part in the depth direction is 
uniform can be manufactured. 

[0031] (d) Since the refractive-index change field which has arranged photograph nick crystal waveguide in 
the shape of an array in the manufacture irradiates selectively an electron ray, SOR light, ultraviolet rays, or 
the near infrared rays through the up cladding layer of slab optical waveguide at a core layer, produces the 
refractive-index change by the optical inductive effect, is produced and does not need mechanical 
processing of etching like before etc. at all, it is very easy to produce and can attain reduction of a 
manufacturing cost. 

[0032] (e) In case the photograph nick crystal by glass optical waveguide is made, since a special processing 
technique is not required, large low-pricing, raise in reliance, and fertilization can be attained. 
[0033] (f) When it constitutes slab optical waveguide from organic optical waveguide, since it becomes a 
low -temperature process, production of optical waveguide becomes easy, and organic optical waveguide can 
aim at reduction of a manufacturing cost. 

[0034] According to the means of the above (2), since it becomes the structure which removed organic slab 
optical waveguide from the substrate, no polarization depending-ization of a core layer in which photograph 
nick crystal waveguide carries out a photoconductive wave can be attained. 

[0035] According to the means of the above (3), while said refractive-index change field is arranged in the 
shape of a lattice along with the end side of slab optical waveguide, vertical in parallel or since the 
photoconductive wave field which light spreads is set up aslant, the degree of freedom of an optical 
waveguide design becomes high to the grid train (array) by said refractive-index change field. That is, if 
light is made to advance at right angles to said grid train, outgoing radiation of the output light will be 
turned up and carried out in a grid train. Moreover, if light is made to advance aslant to a grid train, it will 
reflect in a grid train, and output light will have and carry out outgoing radiation of the predetermined 
include angle. Therefore, if an include angle is chosen, the propagation of light can also be bent at a right 
angle. Moreover, in the case of bending of such optical propagation, the bending loss also becomes small. 
[0036] According to the means of the above (4), implementation of a char ping property is attained by 
forming the grid train in two or more grid trains from which a grid pitch differs. 
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[0037] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a detail with 
reference to a drawing. In addition, in the complete diagram for explaining an operation gestalt, what has the 
same function attaches the same sign, and explanation of the repeat is omitted. 

[0038] (Operation gestalt 1) Drawing 1 thru/or drawing 4 are drawings concerning the photograph nick 
crystal waveguide which is 1 operation gestalt (operation gestalt 1) of this invention, and its manufacture 
approach. 

[0039] The photograph nick crystal waveguide 1 of this operation gestalt 1 has structure which formed glass 
optical waveguide as slab optical waveguide 3 on the substrate (silicon substrate) 2 which consists of 
silicon, as shown in drawing 1 and drawing 2 . 

[0040] Although the slab optical waveguide 3 is constituted by the lower cladding layer 10 by which 
sequential formation was carried out on the silicon substrate 2, a core layer 1 1 , and the up cladding layer 12 
as shown in drawing 2 , each of these layers is formed by Si02 film (glass, such as quartz glass and fluoride 
glass). 

[0041] The core layer 1 1 has added Ge02 in order to enlarge a refractive index. 

[0042] Moreover, in order to enlarge a refractive-index difference, hydrogen (H2) application of pressure is 
performed after formation of the up cladding layer 12. 

[0043] The thickness of each class which constitutes the slab optical waveguide 3 is as follows. The 
thickness of about 15 micrometers and a core layer of the thickness of the lower cladding layer 10 and the 
up cladding layer 12 is several micrometers. Moreover, the relative index difference of a core and a clad is 
about 0.3 - 1%. 

[0044] As shown in drawing 2 , the field of the predetermined width of face along Chuo Line turns into the 
photoconductive wave field 6, and the refractive-index change field 13 is formed in the shape of a lattice 
(array) along with the both sides of this photoconductive wave field 6. Considering connection with an 
optical fiber, several micrometers - dozens of micrometers of the width of face of said photoconductive 
wave field 6 are desirable. 

[0045] By a diagram, the refractive-index change field 13 constitutes 3 successive-installation eclipse and 
the unit lattice which consists of an equilateral-triangle grid (triangle lattice) between adjacent trains, 
respectively. Therefore, although a unit lattice is formed of 2 train array, since it is made three trains, the 
leakage of the light from between the refractive-index change fields 1 3 can be prevented, and the locked-in 
effect of light becomes high. Since the locked-in effect of light is furthermore heightened depending on a 
grid pattern, the array by many trains may be needed. 

[0046] The diameter of 0.5 micrometers and the refractive-index change field 13 of the pitch of said 
equilateral-triangle grid is 0.45 micrometers. 

[0047] The refractive index of the core layer of said refractive-index change field 13 becomes larger than 
the refractive index of the core layer which separates from the refractive-index change field 13, for example, 
relative index difference becomes about 10-4. 

[0048] The crystal which carried out the lattice of these refractive-indexes change field 13 on the slab 
optical waveguide 3 is called the photograph nick crystal (two-dimensional photograph nick crystal) 14. 
[0049] The photograph nick crystal 14 is formed by irradiating selectively the ultraviolet (UV) light or near- 
infrared light generated in the excimer laser of the high power from the outside etc. on the front face of the 
slab optical waveguide 3, and producing the refractive-index change by the optical inductive effect in the 
core layer of the slab optical waveguide 3. 

[0050] The minute refractive-index change field 13 where the refractive index changed in the shape of [ of a 
radius r ] a cylinder is aligned regularly, for example, an equilateral-triangle grid is made to constitute at this 
time. 

[005 1 ] A crystal is the periodic array of an atom or a molecule, and a crystal lattice is produced when the 
fundamental small structure of an atom or a molecule is repeated spatially. Therefore, a crystal gives 
periodic potential to the electron which spreads the inside of it, and the crystal structure governs 
conductivity. Since especially a grid can introduce a gap into the energy band structure of a crystal, 
spreading the electron which had fixed energy by BURAGGU-like diffraction from an atom in the fixed 
direction is forbidden. 
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[0052] The optical analogy is a photograph nick crystal, and the periodic potential is given in the grid of an 
optical semi-conductor medium macroscopic instead of or a dielectric medium. [ an atom ] Therefore, in a 
photograph nick crystal, the reflected wave length region by the band gap, i.e., the Bragg diffraction, 
determined with grids structure and a lattice constant will exist. 

[0053] Moreover, the magnitude of a refractive index is 1.53 in 1.46 and the fluorination polyimide 
mentioned later at quartz glass. Although refractive-index change is so good that it is large, the range of 
realistic refractive-index augend realizable [ with these ingredients ] is 10-4 to 10-2. 
[0054] Although it is desirable as a photograph nick crystal for the refractive-index difference of a 
cylindrical field and the field which is not so to be large generally, it lessens the number of grids and is 
advantageous to relative index difference obtaining about 0.7 and the reflection factor only with the same 
part large single or more figures with the conventional technique. 

[0055] On the other hand, there is a fault that the pitch of a grid and a bore become small and processing 
becomes difficult. 

[0056] On the other hand, the same effectiveness is theoretically expectable, if processing becomes easy and 
the number of grids is increased like this invention, when a refractive-index difference is as small as 0.01. 
[0057] This situation is explained mathematically a little in more detail. Since it is easy, if the 1 -dimensional 
Bragg optical waveguide grid with which the grid was located in a line at equal intervals along with 
straight-line waveguide is taken for an example, the photoelectrical force reflection factor in Bragg 
wavelength lambdaB will be expressed with R=tanh2 (kappaL), and will be decided by the product of the 
mode coupling coefficient kappa and die-length L of a grid. 

[0058] Thus, since the coupling coefficient is generally small when forming a grid by refractive-index 
change, it turns out that it is necessary to enlarge die-length L of the grid section for obtaining a high 
reflection factor, and to arrange much grid. 

[0059] On the other hand, the input optical fiber 4 is connected to the end side of the photoconductive wave 
field 6 of said photograph nick crystal waveguide 1 , and the output optical fiber 5 is connected to the other 
end side. Said input optical fiber 4 and the output optical fiber 5 consist of a single mode fiber, a distributed 
shift fiber, or a polarization maintenance fiber. For example, the single mode fiber is used with this 
operation gestalt. 

[0060] Although drawing 1 shows typically the activity gestalt of the photograph nick crystal waveguide 1 , 
as a actual product, the photograph nick crystal waveguide 1 is arranged in a container (package), and it 
becomes the configuration that the input optical fiber 4 and the output optical fiber 5 are supported in the 
state of an optical cable etc. with the optical fiber guide prepared at the container, respectively. Moreover, 
the photograph nick crystal waveguide 1 may be formed in some compound semiconductor substrates at the 
silicon substrate and glass substrate pan which constitute OEIC. 

[0061] In such photograph nick crystal waveguide 1, if the light (input light 7) from the input optical fiber 4 
is inputted into the end side of the photoconductive wave field 6 where a crystal lattice does not exist, said 
input light 7 will be reflected or penetrated as the photograph nick crystal as which the refractive-index 
change field 13 exists, when spreading and going to slab space. Only the light of wavelength which fulfills 
the so-called Bragg condition in that case is reflected as a crystal, and the light of the other wavelength 
penetrates a crystal. At this time, the reflected light produces an optical multi-luminous-flux interference. 
Consequently, the light of wavelength which fulfills a Bragg condition being shut up by the part without the 
grid of the slab optical waveguide 3, and spreading the photoconductive wave field 6 is allowed. 
[0062] This multi-luminous-flux interference is effective in restricting passage wavelength. This 
propagation light wave suits in slight strength, when the pitch a of a grid is the integral multiple of 
wavelength, is weakened at the time of the integral multiple of wavelength (1+1/2), and suits. Since it has 
such composition, it is possible to realize the optical filter which has a wavelength property easily compared 
with the conventional technique. 

[0063] Below, the manufacture approach of such photograph nick crystal waveguide 1 is explained. As 
shown in drawing 3 , the so-called glass optical waveguide 3a (slab optical waveguide 3) of the slab 
structure which forms the lower cladding layer 10, a core layer 11, and the up cladding layer 12 with quartz 
(Si02) glass by flame hydrolysis or the ion-exchange method on a silicon substrate 2, and light shuts up in 
the two-dimensional direction and which is not is produced. In addition, a quartz-glass substrate and other 
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glass substrates are sufficient as a substrate 2. 

[0064] In order to increase a refractive index to said core layer 1 1 , impurities, such as germanium (Ge02) 
and Lynn (P), are set like a core formation fault, and it adds beforehand. With this operation gestalt 1 , Ge02 
is added, for example. Moreover, after forming glass optical waveguide 3a, hydrogen (H2) pressure 
treatment may be performed. 

[0065] The thickness of said lower cladding layer 10 is [ the thickness of several micrometers and the up 
cladding layer 12 of the thickness of about 15 micrometers and a core layer 1 1 ] about 15 micrometers. 
Moreover, the relative index difference of a core and a clad is about 0.3 - 1%. 

[0066] Next, as shown in drawing 4 , the part which forms the refractive-index change field 1 3 from the 
upper part of slab optical waveguide 3 front face through the glass phase mask 21 for the ultraviolet pulsed 
light (ultraviolet radiation) 20 generated in Kr-F excimer laser with an oscillation wavelength of 248nm, 
193nm Ar-F laser, or an YAG laser (the 2nd or 4th higher-harmonic utilization) is irradiated. 
[0067] Any of an electron ray, SOR light, ultraviolet rays, and a near infrared ray are sufficient as an 
exposure object. 

[0068] The formation array of that 1/2 wave (it is made a phase and is pi) of depth of the two-dimensional 
glass phase mask 21 used here is circular or the rectangle-like hole 22 is carried out in the two-dimensional 
direction of the quartz-glass plate 23 by the photolithography, reactive ion etching, etc. The pitch of the hole 
22 of this glass phase mask 21 is about 1 micrometer. 

[0069] The primary [ -] diffracted lights [ primary ] interfere and the pitch 0.5micrometer interference fringe 
which has the intensity distribution of the shape of a sine wave used as one half of the periods of the 
concavo-convex period of the front face of a phase mask is generated in a core layer 1 1 by this. 
Consequently, the pitch 0.5micrometer two-dimensional grid from which the refractive index of a lifting and 
a core increased the refractive-index change by the optical inductive effect by 10-4 order is formed into a 
core layer 1 1 . 

[0070] On the other hand, when the near-infrared ultrashort pulse laser beam near the oscillation wavelength 

of 810nm is irradiated, the increment in a bigger refractive index than that of 10-2 order can also be made 

to cause in a core. In this case, since the number of grids can be decreased for the above-mentioned reason, 

there is an advantage which can reduce crystal size figures double [ about ] as a result. 

[0071] Moreover, there is a big advantage that almost all glass, such as not only Ge02 addition quartz glass 

but fusion quartz glass, synthetic quartz glass, fluoride glass, cull scorch night glass, etc., can be used in this 

case. 

[0072] The energy for producing refractive-index change by ultraviolet radiation exposure is about 0.5- 1W 
by the average photoelectrical force. Since refractive-index change reflects the optical intensity distribution 
of the shape of a sine wave of an interference fringe, it does not become cylinder-like, but if core layer 
thickness is about several micrometers, most of this effect can be disregarded. 

[0073] Moreover, even if it irradiates ultraviolet radiation 20 from the exterior after formation of glass 
optical waveguide 3a, since Ge02 is not added by the up cladding layer 12, the refractive-index change by 
the optical inductive effect is not produced. 

[0074] Moreover, when irradiating near-infrared light at the glass which does not add Ge02, the refractive- 
index change by the optical inductive effect also produces an up cladding layer, but since it is the core 
which light spreads, the effect does not exist. 

[0075] On the other hand, unit-lattice size changes with the conventional technique from the difference in a 
refractive index. Since the refractive index of a medium without an air hole and the refractive index of an air 
hole differ from this invention, in the case of this invention, as compared with the former, the size of a grid 
becomes large. 

[0076] That is, since the refractive-index difference is small as mentioned above in the case of this 
invention, a mode coupling coefficient needs to become small, and it is necessary to make [ many ] 
enlarging grid size, for obtaining a high reflection factor, and the number of grids, for example, the both 
sides of the field (photoconductive wave field 6) which is not a cylindrical field which light spreads — a grid 
— each 100 piece xlOO piece to 10000 piece x — what is necessary is just to prepare 10000 pieces at a time 
In that case, although the area which a grid occupies becomes large with 2 100x1 00mm from 2 about 
lxlmm, when it considers that substrate size (diameter) is 1-6 inches (25.4mmphi-152.4mmphi), it is 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/7/2007 



JP,1 1-218627,A [DETAILED DESCRIPTION] 



Page 7 of 1 1 



completely satisfactory practically. 

[0077] The photograph nick crystal waveguide which had a filter shape according to the very easy 
manufacture process compared with the conventional technique is realizable so that clearly from such a 
result. 

[0078] According to this operation gestalt 1, the following effectiveness is done so. 

[0079] (1) the construction material as the construction material which constitutes the core layer 1 1 of the 
slab optical waveguide 3 (glass optical waveguide 3a) with the same refractive-index change field 13 of the 
photograph nick crystal waveguide 1 — and it consists of construction material to which refractive-index 
change processing by the optical inductive effect was performed. For this reason, since it is fixed and 
magnitude does not change by the upper and lower sides like [ in the case of the conventional air hole ], the 
magnitude of each part of the depth direction of the refractive-index change field 13 often comes to fulfill a 
Bragg condition, and a wavelength limit or wavelength transparency of propagation light can carry it out to 
high degree of accuracy. It can follow, for example, can be used as a highly efficient multiplexing / spectral 
separation component. 

[0080] (2) In order to fulfill the Bragg condition which the refractive-index change field 1 3 serves as an 
equilateral-triangle lattice, and becomes enough, guarantee a wavelength limit or wavelength transparency 
of a highly precise propagation light. 

[0081] (3) a high-degree-of-accuracy dimension since the refractive-index change field 13 arranged in the 
shape of an array irradiates selectively an electron ray, SOR light, ultraviolet rays, or the near infrared rays 
through the up cladding layer 12 of the slab optical waveguide 3 in manufacture of the photograph nick 
crystal waveguide 1 at a core layer 11, the refractive-index change by the optical inductive effect is 
produced and it produces — and the refractive-index change field where the dimension of each part in the 
depth direction is uniform can be manufactured. 

[0082] (4) The photograph nick crystal waveguide 1 the refractive-index change field 1 3 arranged in the 
shape of an array in the manufacture Irradiate selectively an electron ray, SOR light, ultraviolet rays, or the 
near infrared rays through the up cladding layer 12 of the slab optical waveguide 3 at a core layer 1 1 , 
produce the refractive-index change by the optical inductive effect, and it produces. Since mechanical 
processing of etching like before etc. is not needed at all, production is very easy and reduction of a 
manufacturing cost can be attained. 

[0083] (5) In case the photograph nick crystal by glass optical waveguide 3a is made, since a special 
processing technique is not required, large low-pricing, raise in reliance, and fertilization can be attained. 
[0084] (Operation gestalt 2) Drawing 5 and drawing 6 are drawings concerning the photograph nick crystal 
waveguide which are other operation gestalten (operation gestalt 2) of this invention. 
[0085] This operation gestalt 2 is the example of the photograph nick crystal waveguide 1 which uses 
organic optical waveguide 3b as slab optical waveguide 3. 

[0086] That is, the point that this operation gestalt 2 differs from the operation gestalt 1 is a point which 
forms organic optical waveguide 3b, using polymeric materials, such as fluorination polyimide, as slab 
optical waveguide 3 which has the photograph nick crystal 14, and is having irradiated an electron ray, 
ultraviolet rays, or SOR light from the exterior further at organic optical waveguide 3b, having changed the 
refractive index of a core, and having formed the refractive-index change field 13 in the shape of a lattice. 
[0087] Especially the double figures refractive-index change by SOR light exposure is 10-2 greatly 
compared with glass waveguide. Since other parts and actuation are the same as the case of said operation 
gestalt 1 , and a basic target, they reduce a labor in explanation. 

[0088] However, although the ends side of the photoconductive wave field 6 of the photograph nick crystal 
waveguide 1, i.e., the input and outgoing end side of the slab optical waveguide 3, does not carry out a 
graphic display, the nonreflective coat is given for acid resisting. As an example of the nonreflective coat 
film, using Si3N4/Si02 as a target ingredient, by irradiating an ion beam at them, it is made to disperse 
towards an optical waveguide end face, and two-layer nonreflective coating is performed. The reflection 
factor obtained by this approach is [ about ]. -It is 30dB or less. 

[0089] Moreover, slanting polish may be given to a close outgoing radiation end face as another means of 
acid resisting. The include angle of slanting polish is 8 times or more to a direction vertical to the 
propagation of light. A dicing saw may cut aslant instead of this slanting polish. A -50— 60dB high reflection 
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factor is obtained in these cases. 

[0090] The manufacture approach of the photograph nick crystal waveguide 1 of this operation gestalt 2 is 
explained. 

[0091] With this operation gestalt 2, after forming the slab optical waveguide 3 which consists of organic 
optical waveguide 3b on a silicon substrate 2, SOR (synchrotron orbital radiation) light is irradiated 
selectively at this organic optical waveguide 3b, the refractive-index change field 13 is formed in the shape 
of a lattice, and the photograph nick crystal 14 is formed. 

[0092] Although a graphic display is not carried out, on a silicon substrate 2, the spin coat of the solution of 
the fluorination polyamide acid which is the precursor of fluorination polyimide is carried out, it heats at 
380 degrees C in oven, and the lower cladding layer 10 is formed (refer to drawing 6 ). 
[0093] Next, the spin coat of the solution of a fluorination polyamide acid is carried out, it heats at 380 
degrees C in oven, and a core layer 1 1 is formed in up to the lower cladding layer 10 (refer to drawing 6 ). 
[0094] Next, the up cladding layer 12 which has the same refractive index as said lower cladding layer 10 
on said core layer 1 1 is formed by said same approach, and organic optical waveguide (polymer optical 
waveguide) 3b is produced. At this time, the thickness of each class is almost the same as the case of glass 
optical waveguide 3a of said operation gestalt 1. 

[0095] Consequently, organic optical waveguide 3b of 1.53 is obtained for a refractive index. 
[0096] As for such a formation approach of the slab optical waveguide 3, compared with the elevated- 
temperature process of the crystal growth of a semi-conductor, temperature serves as a low-temperature 
process low. Production of the slab optical waveguide by the low-temperature process is easy, and can aim 
at reduction of a manufacturing cost. 

[0097] Moreover, this approach has the outstanding description which is not in other ingredients that 
organic optical waveguide 3b can be easily formed with a spin coat. 

[0098] Next, a thin film like the silicon nitride which penetrates an X-ray on organic optical waveguide 3b 
is arranged, and the SOR light of about 0.7nm of ultrahigh frequency length is irradiated from the exterior 
by dose 1 02 (ampere and second) order at organic optical waveguide 3b through the X-ray mask of structure 
which formed the X-ray absorber with a thickness of about 1 micrometer it is thin from heavy metal, such as 
a tantalum, a tungsten, or gold, on it. 

[0099] Unlike the case of a glass phase mask, the SOR light which penetrated the X-ray mask as for which 
the hole was vacant in the shape of a grid turns into spot light in which each has cylinder-like intensity 
distribution, and is irradiated by the core layer 1 1 . Consequently, the grid which the big refractive index of 
10-2 order increased to the core layer 1 1 is formed. 

[0100] Here, the bore diameter of an X-ray mask is 0.25 micrometers, and a pitch is 0.5 micrometers. 
[0101] In this case, since wavelength is very small compared with an ultraviolet radiation exposure, micro 
processing becomes possible and there is the outstanding description that a grid can be easily written in a 
core with high degree of accuracy. 

[0102] With this operation gestalt 2, the effectiveness which said operation gestalt 1 has is similarly done 
so. 

[01 03] (Operation gestalt 3) Drawing 7 is the top view of the photograph nick crystal waveguide which are 
other operation gestalten (operation gestalt 3) of this invention. 

[01 04] With this operation gestalt 3, as shown in drawing 7 , the unit lattice by the refractive-index change 
field 13 is arranged in the shape of a forward hexagon grid (hexagonal lattice). 

[0105] Since a forward hexagon grid has the same band gap, i.e., Bragg reflection wavelength, to TE 
polarization and TM polarization, it is very effective. 

[0106] In addition, in this invention, regular-polygon grids other than the above-mentioned equilateral- 
triangle grid or a forward hexagon grid are sufficient as a unit lattice. That is, lattices, such as a square grid, 
a regular octagon grid, and a regular dodecagon grid, are sufficient in a unit lattice. Moreover, since a grid 
(grid train) is constituted, the train of the refractive-index change field 13 is 2 train need at least. 
[0107] (Operation gestalt 4) Drawing 8 is the typical top view showing the outline of the photograph nick 
crystal waveguide which are other operation gestalten (operation gestalt 4) of this invention. 
[0108] It is the example which made plurality the grid train by the refractive-index change field 13 prepared 
along with the 1 side of the photoconductive wave field 6 of the photograph nick crystal waveguide 1 with 
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this operation gestalt, and is the example two or more grid trains Gl and G2 and the lattice spacing (pitch) a 
of G3 were made to differ mutually. It is the example which realized by this the so-called char ping property 
that a passband spreads. 

[0109] Although especially definition is not carried out, when the pitch of the grid trains Gl and G2 and G3 
is set to al, a2, and a3, it is an example used as al>a2>a3. 

[01 10] A char ping means that a wavelength band spreads, when changing the pitch of a grid continuously 
at a certain rate. The char ping of a grid pitch is performed gradually finely. The case of the equilateral- 
triangle grid which has arranged the grid so that the pitch of a grid may become inequality spacing by the 
location is explained. 

[01 1 1] the grid pitch aal, and a2 and a3 — Gl, G2, and G3 which become little by little small like ... each 
grid field of... each grid field — responding — Bragg reflection wavelength lambdaB — lambdaBl, 
lambdaB-2, and lambdaB3 ... like — every [ each a few ] ~ it becomes small. [ for example, ] In this case, 
grid mismatching arises in each grid field which adjoins each other since a pitch changes gradually 
microscopically. Since it is very small between adjacent grid fields, this value thinks that it is the same as 
changing continuously and is satisfactory if it sees macroscopically. 

[01 12] If it does in this way, since Bragg reflection wavelength will shift little by little, a band gap becomes 
large equivalent. That is, there is an advantage which can realize the so-called char ping property that a 
reflective band spreads. This effectiveness is applicable to compensation of the wavelength dispersion 
produced with an optical fiber etc. Although the example in which the pitch of a grid carries out 
monotonous reduction was shown here, also when a pitch carries out a monotonous increment, it cannot be 
overemphasized that the same effectiveness arises. 

[0113] With this operation gestalt 4, the photograph nick crystal 14 is formed only in the 1 side of the 
photoconductive wave field 6. the array by said refractive-index change field 13 put in another way if it 
becomes, while the refractive-index change field 13 is arranged in the shape of a lattice along with the slab 
optical waveguide 3 end side — receiving — parallel — or vertical or the photoconductive wave field 6 which 
light spreads is set up aslant. 

[0114] therefore, while being able to make a grid train spread light (input light) to parallel, various the 
directions of ejection of light can be boiled and changed by choosing the direction of incidence of light. 
[01 1 5] That is, if light is made to advance at right angles to said grid train, outgoing radiation of the output 
light will be turned up and carried out in a grid train. Moreover, if light is made to advance aslant to a grid 
train, it will reflect in a grid train, and output light will have and carry out outgoing radiation of the 
predetermined include angle. Therefore, if an include angle is chosen, the propagation of light can also be 
bent at a right angle. Moreover, in the case of bending of such optical propagation, the bending loss also 
becomes small. 

[01 16] According to this operation gestalt 4, the degree of freedom of an optical waveguide design becomes 
high. Moreover, this configuration has the still higher degree of freedom of a design by applying to a silicon 
substrate etc. at the optical waveguide which branches and joins. 

[01 17] The grid train from which a pitch differs in mutual [ said / two or more ] may be prepared in the both 
sides of the photoconductive wave field 6, respectively. Moreover, you may prepare in some die-length 
regions of the photoconductive wave field 6. 

[0118] (Operation gestalt 5) Drawin g 9 is the perspective view which made the cross section a part of 
photograph nick crystal waveguide which are other operation gestalten (operation gestalt 5) of this 
invention. 

[0119] The photograph nick crystal waveguide 1 of this operation gestalt 5 is constituted by only organic 
optical waveguide 3b. 

[0120] That is, in the photograph nick crystal waveguide 1 of said operation gestalt 2, the photograph nick 
crystal waveguide 1 exfoliates from a silicon substrate 2 using an acid solution etc., and supports and uses 
organic optical waveguide 3b (slab optical waveguide 3) formed on the silicon substrate 2 by supporter 
material in an activity. 

[0121] Since the stress-strain diagram which comes from the difference in a coefficient of thermal 
expansion with a substrate 2 is released, the polarization dependency of the refractive index by the 
birefringence stops thus, producing the slab optical waveguide 3, if it exfoliates from a substrate 2. 
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Therefore, in the condition of having attached in supporter material, it is necessary to attach the photograph 
nick crystal waveguide 1 of this operation gestalt 5 with the support gestalt which neither mechanical stress 
nor thermal stress generates. 

[0122] According to the photograph nick crystal waveguide 1 of this operation gestalt 5, no polarization 
depending-ization can be attained. 

[0123] Although invention made by this invention person above was concretely explained based on the 
operation gestalt, it cannot be overemphasized that it can change variously in the range which this invention 
is not limited to the above-mentioned operation gestalt, and does not deviate from the summary. 
[0124] For example, while forming slab optical waveguide with a compound semiconductor on a compound 
semiconductor substrate, a refractive-index change field is applicable also to what carried out the lattice. 
[0125] the case of the photograph nick crystal waveguide in which the slab optical waveguide 3 by GaAlAs 
was formed on the GaAs substrate — a 0.7-0.9-micrometer short wavelength region — it can be used — an 
InP substrate top — an InGaAsP compound semiconductor — or in the case of the photograph nick crystal 
waveguide which used quartz glass and polymeric materials and formed the slab optical waveguide 3 on the 
silicon substrate, the quartz-glass substrate, etc., it can be used in a 1 .3-1 .5-micrometer long wavelength 
region. 

[0126] Although the above explanation explained the case where invention mainly made by this invention 
person was applied to the manufacturing technology of the spectral separation component of the light which 
is a field of the invention used as the background, it is not limited to it and can apply to a multiplexing 
component manufacturing technology etc. 

[0127] This invention is applicable to the component and MOJIRU which have optical waveguide at least. 
[0128] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among 
invention indicated in this application is explained briefly. 

[0129] (1) the construction material as the construction material which constitutes the core layer of slab 
optical waveguide with the same refractive-index change field of photograph nick crystal waveguide — and 
it consists of construction material to which refractive-index change processing by the optical inductive 
effect was performed. For this reason, since the magnitude of each part of the depth direction of a refractive- 
index change field becomes fixed also including the dimension of the depth direction, it often comes to 
fulfill a Bragg condition and a wavelength limit or wavelength transparency of propagation light can carry it 
out to high degree of accuracy. It can follow, for example, can be used as a highly efficient multiplexing / 
spectral separation component. 

[0130] (2) When a unit lattice is a forward hexagon grid, it becomes the same band gap to TE polarization 
and TM polarization, and a wavelength limit or wavelength transparency of propagation light can carry out 
to high degree of accuracy. 

[0131] (3) a high-degree-of-accuracy dimension since the refractive-index change field arranged in the 
shape of an array irradiates an electron ray, SOR light, ultraviolet rays, or the near infrared rays through the 
up cladding layer of slab optical waveguide in manufacture of photograph nick crystal waveguide at a core 
layer, a core layer is made to produce selectively the refractive-index change by the optical inductive effect 
and it produces — and the refractive-index change field where the dimension of each part in the depth 
direction is uniform can be manufactured. Moreover, since mechanical processing of etching etc. is not 
needed at all in order to produce a refractive-index change field, production is very easy and reduction of a 
manufacturing cost can be attained. 

[0132] (4) In case the photograph nick crystal by glass optical waveguide is made, since a special processing 
technique is not required, large low-pricing, raise in reliance, and fertilization can be attained. 
[0133] (5) When it constitutes slab optical waveguide from organic optical waveguide, since it becomes a 
low-temperature process, production of optical waveguide becomes easy, and organic optical waveguide can 
aim at reduction of a manufacturing cost. 

[0134] (6) No polarization depending-ization can be attained in the photograph nick crystal waveguide of 
structure which removed organic slab optical waveguide from the substrate. 

[0135] (7) Implementation of a char ping property can be aimed at by changing the grid pitch of two or 
more grid trains of a photograph nick crystal prepared in the 1 side of a photoconductive wave field, or both 
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sides, respectively. 

[0136] (8) the photograph nick crystal waveguide of structure which established the grid train along with the 
end of slab optical waveguide — a grid train — receiving — parallel — or the propagation of light can be 
changed vertical or by making light advance aslant. Moreover, the effectiveness of being small has bending 
loss of light in this case. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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*tt*4fl)*w Will A* 8 i fto rttl**7 7 >f ^ 



( 3 ) 
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[0 0 0 8] HiJfE^fv*— yU9ti, ID 1 2 tCTj^f 9 
^ t^-t-A (EB : Electron Beam) V V ^ 7 7 -f t 

Srt?tt-r^-^s/^^^ (r 1 e) kj;ot^/$$*i 

5o Sft*-^9Wili|j:0. 1-0. 24 M m, 
{10. 6 — 0. 8^m N fyfllO. 18 — 0. 3 6 /i 

6 0 

[0 0 0 9] 10 

[*W##ifeLJ: 9 fci-SHW] h-s^JB 

[00 10] (1) ftfSdtft (MO-CVD) ifcfc£V* 

H«ffiriift (lpe) ffiftWuiot, * 7 
3t*St5T»^7yKil0, 37111, ±£P^ 
5 y Kii 1 2 fcft6»BISr«»:fP«i-6. 

[0011] (2) ^7^/^'t^77lW3 

[0 0 12] wttfeO*fisJCl*3^T, l«2«gft 
ifijEMO-CVD&H^L PE&t(i5 0 0 — 7 0 0t8 
ancifcfl, fltrE««*F*^<J:6jB6«-Ctt»l 3 0 0°C£& 

[0013] z<D£ 5ftiKta^o-fe^tt*JW*sj|tbv^ 0 

[0014] 9 (75ff»ttRj£tt>f 

xyfy^ (R I E) CJ:otff^\ S^^9W 

ffl-eSotUv\ ^^^7 5/^^^rrSfc-rj:9^ 30 
[0015] jGMKfMRJrax, KftiirJpiiS 

if P)tL§c 

[0 0 16] £JUb*>.fc «*o«Jfi*ffi*cj;ntf, 

[0017] &ftW<DB fttf, e«3t<75gtSjgia • Sft 

m-ji'm&mm-tz^ t ^*>*„ 40 

[0018] *3BW<e>«i<7) g Wf±, e«#a>StftSiB ■ 
[0019] *jBW^mEftbWc:*wfli<75BWt«r* 

[0020] 

m<Dt jo0tfo5 o 50 



WBB¥ 1 1 - 2 1 8 6 2 7 
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[0 0 2 1 ] (l) SHK<0*ffifc*9:/#WttK**i- 
Sir t t>^«JlS^9^**«Ko-JfB(j:^9^*WttK 

(WIEJBW **{k**ttWHB^ 7 a Til 

«(037)|wlJr*J;n*:#<, *<&JfcB»r*SStt l 
0~ 4 - 1 0~ 2 f!ffiT*fc;5o BuE*7:/3te«&&te#7* 

[0022] ~(D£ bt£7* h~v?ffighm$i&n, u 

[0 0 2 3l *«±fc:Ttt*9y KJB, 371, ±Sf$^ 
SOR (synchrotron orbital radiation) jfc, 
il^riS L T flu IE a 7 » |£31$K#J \z lfi»Lt 3fe1$ iE ' 

x zmffimmt&tt c z&x m&mmmm\M*&&ft9i 

[0 0 2 4] (2) Wfifa (1) 60«fig^7^ hny . 
7ftT»^7y Kii:±«^7s/ KS-C^^ov^i* 

[0 0 2 5] ~(D£ 0**7* h^y^JgSJftSn&te, ffi 
E¥& (1) ^»afi*-«fe^*5^T, K«<o*ffi^W«* : 
b ^ S ^ 7 L 1 7 t h = ;y* 

£ -tir 5 r t f Z J: o T ®A it i" 5 c 
[0 0 2 6] (3) WiE¥a (l) *fcf*3MB: (2) <o 

[0027] ( 4 ) strE^a ( i ) 75S#a ( 3 > co« 

mzte^X* BtlEJfflW*iE{k«*t-J:S»^Jtt*^t p 

[0 0 2 8] mJE (1) Wfgiattll (a) 7^ h 



( 

5 

9, e**^tt*»JIS*)-6VMitt«38ia*si*i«»«*c:tT*. 
[0 0 2 9] ( b ) Jffl«f*«<k«*tt]EHAJIi?1*^-Eyi] 
[0 0 3 0] (c) 7* h^y ^jBfiWttB^>»3S^*3 

SORft, »^i»feJ:l/ie#^i|ft^5fea5^-rnA»S:, 

[0031] (d) y* v=-y <owk 

[0 0 3 2 ] (e) ^^^^WttKt-.tS^a!- h^y ^ 
*£ ift £ ft£ K , '# 8 'J * 1) P X ft » £ L * v > fc * * fg ft ® 

[0033] (f) ^9^*was**r*«i*«*B-etii 

[0 0 3 4] HUlS (2) .tntf, #i^7^ 

mmm*mm-bm&\,tzffimktez>zkfrb, y*v 

[0 0 3 5] mjfS (3) (O^SkK: iixtf, *^:/#*« 
EBSttTi^t fc fed, *9reJB»f*^k**^«tS» 

JflJKSitfciftfritAS^ixtf. ttJ^itttft^J-CJf 9 55 
LTM:Iift£tL3 0 »^Jfc#LT»*«;i#fritA 
S iirtttf , fcH * * tt»^J "t»S W L T 3f S S: * L 
TlilJttSo Lfc^oT, ASSrH^tf, *^e«^rf^ 

fourth tfw**, *ofttf»ffcfc>J>*<&*o 

[0 0 3 6] Rtita (4) 0^-a^«ttttf, »^JSr»^- 
[0 0 3 7] 
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[0 0 3 8 ] (^Jfe^ffi l ) 11 1 4 tt*5SWo- 

[oo3 9] -&mmftmi<D7* i 

[0 0 4 0] ^7^jt*ttK3fi, H2iOTti5i:, 

2 ±W«&»j£S;h,fcT»* 7 y KJi 1 
o, 37111, ±M2y y KJf l 2 J: o TfllfiK S ft 
5^ rftb^Jite^Tftt s i o 2 flg (*T3?#7*, 
7«;W7^W7^) -casjasft-ci^So 

[0 0 4 1 ] ^TJl 1 1 f*ffl*r^£*:£ < i-6fc«>, fc 
£ xJl'G e 0 2 ^ttltfc^ 

[0 0 4 2] HHf*SSr*#<i"Sfc«), ±£i$^ 

7^ Kg l 2tf>ffMf£i-, y^m (H 2 ) mj±&n? 0 
20 [0 0 4 3] ^9^**Jftl&3S:«fi8;-rs#JiK>ff* 
te, fciill WT^iiO-Cfc^o T&ft^ 7 y y KIS l 0 

*5«fctf±6l5* 7 3* KH 1 2 1 5 /i m, ^71 

mmtO. 3-*l%SffT**>S 0 
[0 0 4 4] ID 2 t£^-f £ 9 (C, 4'fW&f-fp 9 3r^46£> 

^otftWi] (7K) «t-a«f*^b*«l 3*SR 

30 [0045] mx'temvtmmitmn 1 3 n-ttt^pn 3 ?u 

RJtbtU, IB«9^9Mt^WI"CjEH^«?»^ (triangle 
lattice) ^?)45Wf*iiair^5. L/t^o 

[0 0 4 6] ffjfEIEHftTT^^^t 0 ^^^, fct*.tf 
0. 5 /1 m, H»*3dflS«*l 3^M:^ilO. 4 5^m 
40 T^fo5o 

[0 0 4 7] ffiffiJfflW*^^**l 3(037l^)ISr$ 

[0048] ^tihmmmmtmmi 3**y?itm®L 

B3±{c»^BB?iJbfe»ft*l, y*b~y?ffi$k (2& 

[0 0 4 9] 7* h^y^^ft l 4fi, ^SB^b^iBJil 
^(DtztK.^^^^— (UV) 
50 7tfe^> v^i^ifi*^^;^, *7:/fti*ttK3<&*ffiK:»iK 
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mm%t LT#RjB3b*fc J: SHtJfspSEffcSr* 9 7tt« 

So 

[0050] rco^, *gr(DRMl:iJr$^a 
[0 0 5 1 ] WiJiJlR^fcSiMi^^JHttttEW-C 

[0 0 5 2 ] *03t^WftT^-P v 5 — 75^^- h--y^*S 
[0 0 5 3] *fc, fflW*^>*tSfi^^9^T?l. 

# sa*»4ffl»*iMoi« i o~' *»e> i o^ wttH-c 

[0 0 5 4] 7* h~7?f&&Xfc* -ISCRttMi 
t8*fi«-CttJtJBJf 0 . 7£ltfr^_h*:# 30 

[0 0 5 5] L#>U *r<Z)Kffi, ft^t°7f, 

[0 0 5 6] #5SW<0J: 5fc«W**a*0. 0 1 

[0 0 5 7 ] : ©«f 1 1 5 '> LB L < **Wi:RW t 

[ooss] rcoct^t-, swaiaotw^r^ 
[0059] mx, ftimy* h=-y*mAmwMiwt 



^f^¥ 1 1 - 2 1 8 6 2 7 
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##;7 r^'<4:fcJ:t/tfi;/3ft7 7>r^ 5(1, Hi—-*— k 
[0 0 6 0] U H17t ^fcSSaSJjKB 1 (OtiimM 

m*m^m^irh<nxihz>tiK mm<nm&ki,xte, 

tgi:^{tbti^*77^^ KWUot 
*;ive*iA**7 r 4 ^ttl^3t^ r '< 5 
^ott«Sjs-c3E«FSixS**^4S. Sfc, 7* 
y^lgi&igiKS&lf*, OEICt*filct6'>D3yS« 

[0 0 6 1 ] rcoj: 547* hny^feS»j6Ki -C 

ffiisA^^7{i^^7^r^;A^oTtT< ta\ js#t^ 
tteisraa-rso ^irt, g»*ii)tf«i*** 

[0 0 6 2] r<7>#*«^j$(iaiiBft**:«J|SRi"S3a* 
f«^t #»«>*>V\ (1 + i/2)-S*w«««wt* 

[0 0 6 3] 0#'fil, rK)±5ft7* h^y^ttftSUSt 
KlO«3i*jfe^ov^TttW+5o IU3{::^-f J; 5(-> 

J: 9*35 (S i 0 2 ) tfy^XTU? 7 y KJf 1 0, a 
7111, ±SP^ 7 y Kl 1 2 IT 2 ft^lRli: 

yt<Dfflc&tb<Dt£\<\ \,*x>®z>x7 7w&<ntf?xytm 

[0 0 6 4] ntjfs^T^i 1 idtiHSr^&ii^S-tfSfc 
«>^y/u-e^^A (Geo=) (p) mcn^mifo 

&^Tm%mz^te\,^x^&mnvxts< 0 -4^mmmm 

WttK3 a S:»ricLfc«fc** (H 2 ) *DJEfflj31Srl6 L 

[0 0 6 5] fj|ETSB^7 2/ KIl 0(7)/?$(i^) 1 5 a* 
m% 371 1 1 C0/?^(i^M rru ±0f5^ ^ y Kit 1 2 (7) 
g^li^l 5Mmtfe5 0 £fc, =iT t ^ 7 7 KtJOitB 

[0 0 6 6 ] o^d x iiffif 2 4 8 nm(7)Kr-Fx 
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[oo6 7] m&mz, m^m, sor ^t, k^m, is 

[0 0 6 8] :rt«t§ 2J^7C^7^Kffit@-^^^ 
2 111 l/2i£fi UftfBtcLT*) «^Hft)L 

[0 0 6 9] :ti(:J:or, - l&i: 1 &o|aIlFf*lRl± 
»Afc .fcSJBtf a7©IW l 0~ 4 

if 1 1 tnM$n5o 20 . 

[0 0 7 0] — 8 1 0 n mf+ifi^ie^^iH 

[0 0 7 1 ] IOi^llGeO-.^W^7^ 
[0 0 7 2] JjWftHMtfcJ; &fflW*S£ft*£DStf5 

[0 0 7 3] #7*7t^$£§3 a <0»fi8;«(C^tt 

35»fc«^*2 OSrRWtLTfc, 7 y KJi 12CI1 

[0 0 7 4] tf:, Ge0 2 MBU^^7^(li£* 40 

[0075] ftn£\ *fiic»^i^-rx*i®jf^<^sv^^ib 
[0 0 7 6] t4b*), Sfr^J:^^*^^^*^^^ 
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(^«tt««B6) oW«Hc1»-T-S:#/f 
1001x10 OlB^b 1 0 0 0 01X 1 0 0 0 0<@"f 

^1 X 1 mm :> 7^b 1 0 0 X 1 0 0mm J ^^</i6^ 
Iffit-YX (gg) ^l-6^yf (2 5. 4mm0- 
15 2. 4mmd)) T^6:^%X.6^fflllii< 
BMW* ft 

[0 0 7 7 ] -(DJ: 5 48«^feifie)^4J; VtM 

[0 0 7 8] ^^ti&^ffi l £tit£SkT<o&)Sk&m't 

[0 0 7 9] (1) 7* H^yi?ttft»jKKl<Offl*fSP 
8ftfi«13{t ^7 7'^»3 (^f7^MM3 
a) CD3711 l^MtMS^WIt'Ml 

jB»*fc J: 5® iff *«flsffl;3asifi £ ftfc*t«T«/* £ ti 

±TT?*: # £ # 2Efls L 4 v * , 7'75/^WJ:<« 
BittflEfcfTX-^J: 51:46. Lfc^oT, fci;td ffi 

[0080] ( 2 ) mmmmtmm 1 3 ^jeh^^^- 

[0 0 8 1 ] (3) 7th^^g0 0 0 ^lWSI(: 

*5^-c, r w«^BaKu^ffl«f*ae^**i 3*1 « 

^7^**8B3 0)±»^7y Kil 2S:aLT 
^r/i 1 1 ^»RWfc!H*tbT*»jBa*{cj:6Jffl«f* 

[0 0 8 2] (4) 7* h~y*m&miBLi&in*:<D9i 
mic*$\,*x* r w #tciE«LfcfflW***b«tf 1 3 

fl HrF-#&, SOR)t, *^*R*5J:t/5fi3p^Hfto5*><75 
V^iVi^Sr* ^7>^**St»3 0±IB^7y KJtl 2 4r 
iiLT^r/ii uc»KW^JHItbT*«iBab*^J:S 

[0 0 8 3] (5) # 7^#2g$t£&3 a f:J:§7t 
y * »* *: ft* S R . *frB'J 4*P XfttB * 3S L 4 1 «> *:« 

[0 0 8 4] (^J6^2) H5*JJ:t5ia6tt*IBW^ 
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[0085] -jp-mmmm 2 y ?ytm®.$& 3 1 urw 

[0 0 8 6] *3a6*«2^*16?B«i fcft 

tft, jlS^l|ft«)SlMiSOR3t*^«^&*ai**«tK3 

1 3*:»^K?iJttfcjRdiUfcni:-e*>So 
[0 0 8 7] «M;i, SOR^lflSW^iSJfflW^aE^btt^ 

[0 0 8 8] t/:U 7^- h^:y ^fe^Nf&Eg 1 coft** 

— y>> httiftfc US i 3 N< /S i 0 2 £:JBi\ -ttbfc 

^ ^ ^ tr- a * kb *r-r 5 ^ 1 «t o r k 

o*ffi-ewe>ix5SW**iJfi- 3 0 d BOTt?fe5o 
[0 0 8 9] SWKJho8U<0#at Lt, AtBM 

V\ ^ft&^ifrfr, ~ 5 0 6 0 d BWiKSW^Sffl- 

[0 0 9 0] *^Ml2W7t h = s/*^ifM98t&l 

[0091] -^mmmm 2 -m, vya ^sas 2 ±k*t 

ttbt*i£»3 ba><b#5*7^ttaS8<S&3 SrMLfc 

1 3 b CIR^JIC S O R (synchro! 

ron orbital radiation) ft£R8W LtflJr*«ft*« 1 

[0 0 9 2] gj/T«L^V^\ ^!)3ySS2±l^ 7 

h Ltt-7>^t3 8 O'C-cadUft 
LT^^ 7 y K/l 1 0 ?rWt5 (0 6 #J&) 0 
[0 0 9 3] o#*^, T&fyy Kl 1 0 _h— , 7y* 

[0 0 9 4] oSfK % mm^TM 1 1 ±K> fJiSTSG* 

y y m i o t m Da#f**«po±«^ 7 * ks 1 2 * 
$&§) 3b^»t^ 0 #Ji<z>j8ifl:teiifiiE§g 

[0095] kdiss, Bjff**s 1 . 53 <D-4'm±m& 
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^3 b^ft&n*o 

[0 0 9 6] : ©J; 5 4^ 7^*f SK 3 

[0097] f^a— H-J; *9 *r*K 

[0 0 9 8] o^^ % W«3t**l8 3 b±^Xl»Sraa 

^1 ^m<7)Xj»KJlXff^Rtt^«jg<^X^^^^^L 
T«jHfiSftjB0. 7nmOSOR^^, iltllO 2 

(7^7 •#) t-mw^*I*«ifiK3bi: 

[0 0 9 9] ^f7^»fftffi^^^«5»'&t«*ftft0, 

H 1 1 \cmm&tiZ>o ^711 i[:i 0~ 2 ^ 

[oioo] ::t\ x^-v^^co5\^j^o. 2 5m 
[oioi] r<75»-&*^jtfia»*-Jt-<-cjftftd«a«>-r 

fcft^f- * = r «f * 5& tr r t a* -e $ ^ 4: v x 9 « 

[0 10 2] *^^2-C(imJlE^^^l^^-r6 

[0103] cmmnm 3) 17 te&z&wnmn'Mi&M 

[0 10 4] *H16JB<6 3^fi, H 7 (ciTF-t-J; © 
3r*i£ffc«*l 3^J:5»{5A^^iE^ft^^ (hexa 
gonal lattice) #C^@E£ [ j LTfc6 0 

[0 10 5] jE^^»^«TE<S^«tt^TM(B3ttt- 

[0 10 6] *36WT*Ji, fffitt^i LTmia!^ 

[0 10 7] (*jSfiJB«4) H8tt*»WW<lfe^lltt?B 

[0 10 8] ^IlMtli, 7* h=iy ^j(S**ftlS 
1 ft ajiKifiSc 6 ft o T K »t 6> tt S ffl#f 

50 <7>»-=H?IJG 1 , G2, G3«ffli (t 0 ^/^-) a ^+*@ 
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asjEM* 6 V ^*$>S ^ - b° v ^*M44rH« LfcM"C*> 

So 

[0 1 0 9] «WF^B83EttStt*V^^ Ift^lGl, G 
2, G 3 (7)t'^f*^r a i , a 2t a 3 £ LfcSMh a,>a 

[0 110] ^-t°V^tete^cOtV^£fcSf'J^ 
fef co t 8 7 f ^iPirC J; o t f B 1i ^5^3 icffif 10 

[0 111] feT* t°^/f a^a,, a 2 , a a 

- • ■ co J: 3(^>tfo/h^ < 45G, , G 2 , G 3 • ■ 
o/h£<^s 0 r JSmwt-fi^y^^PSWI- 

5 <n X\ E« W K JLtUiiitttt fcSEft; U *C ^ 5 co p 

[0 112] ^coj: 5 ^t6^r, ^7y^S»8W 
L"foTtV6^T^fffi^(C/^^ K^> yZf&&< &S 0 

*s*«it*P-r6»^J3: t>|5]«^«i*ds^-f S r fc (if 5 

[0 113] **JK^tt4Ttt**ft«*6^--ffi]^W 

h^7^g B B sl 4^1lt-Cfo^o feft^^b 30 

So 

[0.1 1 4] LWot, ft (A**) Srft^JK^fT 

*R1"S r fc J: o xit<nvvL V m fafcffit* r 
tas-es So 

[0 115] mflE»^J^fiil^*S:iSAS 40 

fc, »^J^»UT*Ja«>^*4:itASittitf, 

t&^-^J "CS tt L TBf ^ ft ft S: * b T fcM+-T S . L ^ 

[0 116] *Klfc»ia4^j;ixtf3t*iftK«a:iH-oas 
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[0117] mmmm^mA^^y^^m^^^n 

fta»8t<B«c 6 co-SG^S S ScKRtt T fc «t v \ 
[0 118] (I6*g?f^5) H9f**»W<o«io|ll6«S 
ffi (KMS»«5) ■Cfc57th^y^8fi»8»o-» 

[0119] *mifexm5<n7* i 

So 

[0 12 0] h = * 1 tt* 

v-y 3 yS« 2 w±l:M t fct«*»fiB 3 b 

3) Si«^fflv^^ynySffi2 

x.r^ffl-rs kco-c&So 

[0 12 1] rcoj; 9(^7 7'M»3 SrStE2^& 

&y*tmi& s ti s fc awn*?*- «t s ®»f^(7){s&ftrftt 

[0 12 2] *^Jfi«Jffi5(07^ h-y^8ft*fiRl 
[0 12 3] W±**W#*-i:oT**nfc36M*IIJte 

[0 12 4] fcirAli, 

**{k*« «: t&^-ss^J ufc t to fc*t l r fc mm -e t s 0 

[0 12 5] G a A sSil^G a A 1 A s 

KKO^^Ii, 0. 7-0. 9 /i m<OfijSt*#-Cffiffl 
T'#, In P^±(C I n G a A s P<fc-&tt¥Wfc-* > *> 

7^- h^y^ttftaffStB^'&H, 1. 3-1. 5 M m 

cos&fi^-ri^ii-rs n t j05 s D 
[0126] Wiwttw-cfiafet it«PMiaot 

[0127] *jgWfl^*< t tfta»St8S«r^*i-6* 
-7-, -e^-yu^^^iSiTJ^^So 
[0128] 

tsoo^*3«9 -efos 0 
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[0129] (i) ?* v~v ?fa&m$i&<nm$Tmm 

[0 13 0] (2) ^ffil&^^^fij^t&^-W*^, T 
E(H5t*3j:t/TM<H3tJ-*f U-CIs] K3-> y^btt 

Set 5«-<C6o 

[0131] ( 3 ) 7 * b ~ y * giiSiKo»l(iio 
* 7 :/*Wftl»o±»* 9 y KJi Srii IT a r ■ KHMt 

[0 13 2] (4) #9^36*«»^J:S7* h~y* 
ig Srf^ 5 JR , »BU tam ISi * SB L ft v \fc fcffi 

[0133] (5) ^^^ftWttKtflrw^wasK-cKi 

So 

[0 13 4] (6) *«^7^jt:»ftlSSr««^C>#l* s 
[0 13 5] (7) *««««<0-fl|*fc«Piflll^KJ't 

unso 

[0 13 6] (8) ^7^*Jgt»C0-^}eoT»^ 
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[g]i] *JfiJ»*8 (SMSJBttl) T&S:?* 

[IE! 2] *»il^7t h = y^ttft2»«»«r*-r 

[i]3] -^mmmmi <o-7* h^y^«*w*Kwf^» 

[0 4] ^KHSflSfBi^^* hr=.y^«»j|»ttK^« 

mm-t s *a & ^-r «3ew wras 0 -c *> s . 
[Hi 5] *38^wftiiw3iiteJBfi (mmmM2) x*&z>7 

[H16] *HJfi»«8 2^7^ b^s> ^jBft«aKSr*-t 
[0 7] *g^<Dfdl<7^iS^ffi (I»S3) tfc57 
[0 8] *^^wIoitif^l (%lft^flR4) "efc57 

So 

[09] *»ww«io3afi?K« (mifc?Bfl8 5) t?fc57 
[0io] a*^^* b-^fei^&^w&^i- 

f§/&0T-foSo 
[011] «5K<7)7^ h^y^«ft*«tKS:*i"— ««: 

30 mmt ufc»fflia-c«>s. 

[0 12] h = y^»ft«ttK<of^»^«ffl 

4-A^?t77^A 5-W^*7r-<^, 6-*^[& 
flltt, 7 -A**, 8---m^3t, 9-ag«*— /K 10 
-TW* 7 y KJI, 11-371, 12-±^7^K 
If, 1 3 »-H*f*aEft««, 14-7^h3«^SI, 

40 2o-"^^7t c*^^^*) , 2 i-'-ii^^mm^ 
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